
.

RESEARCH MEMORANDUM

AN INVESTIGATION OF TEE DRAG AND PRESSURE RECOVERY OF

A SUBMERGED INLET AND A NOSE INLET IN THE TRANSONIC

FLIGHT RANGE WITH FREE-FALL MODELS

By James Selna and Bernard A. Schlaff

Ames Aeronautical Laboratory
Moffett Field, Calif.

Classificationcancelled(orcharwdto~C~=j~i.eC.....-...”..)

By......- -“ ........................................................

A<........................................................................----
GRADE Ok O::ICEK h, K :G CHANGE)

. . . . . . . ..cms91Fnm Dcm’Lmm

lsmge=~ m 19, Ud.c., m=. m M m. b hmmddmcr revah’wol *F4 Iiw
Jrxm.–—–---- —- —--——–-———

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON

December 28, 1951

.4-.w



in NACA RM A5HE20

.

AN

!Thedrag

NATIONAL ADVISORY COMMJWEE FCIRAERONAUTICS

RESEARCH MEMciwumJM
1

INVESTIGATION OF THE ISRAGAND PRESSURE RECOVERY
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SUMMARY

md pressure recovery of an NACA submrged-inlet model and
an NACA series I nose-inlet m&lel were investiiqatedin the transonic
flight range. The tests were conducted over a mass-flow-ratio range of
O.k to 0.8 and a Wch rnmber range of about 0.8 to 1.10 employing large-

. stale recoverable free-fall mcdels.

The results indicate that the Mach ntier of drag divergence of the
L

inlet models was about the same as that of a basic mcdel without inlets.
Ths external drag coefficients of the nose-inlet model were less than
those of the stimerged-inl.etmcdel tbroughuut the test range. The dif-
ference in drag coefficient based on the maximum cross= ectiond area of
the mcdels was about 0.02 at supersonic speeds and about 0.015 at sul+
sonic speeds. For a hypothetical airplane with a ratio of nmximum fuse-
lage cross+ ectional area to wing area of 0.06, the difference in air-
plane drag coefficient would be relatively small, abcrut0.0012 at super–
sonic speeds and about O.0(X)9at mibsonic
parisons between the two inlet models are
mental and additive drag.

The maximum pressure recovery of the
speeds agrees well with previous results.

speeds. Additional drag C-

made considering inlet incre-

submerged inlet at subsonic
The maximum pressure recovery

d&Lnisl& when supersonic speeds prevailed on the inlet ramp. Ths
amount of decrease was slight, being of the order of that anticipated for
the total-pressure loss through a normal shock at the maxim ramp Mach
nwibers. The variation of the pressure recovery with mass-flow ratio is
in reasonable agreement with previous results. -.
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INTRODUCTION

NACA RM A51H20

In order to evaluate the performance of .anair @let, it is nece
sary to know the drag associated with the use of the inlet as weD as
the pressure-recovery characteristics. Pressure-recovery data for
inlets are generally available; however, only limited infor~tion is
available on the drag of inlets.

ts—

Considerable pressure-recovery information on submerged inlets at
subsonic speeds is given in references 1 to j and some data on the pres--
sure recovery of submerged inlets in the transcmic range are presented
in references 6 to 8. Drag data on su%merged inlets, however, are
limited to a few tests at low subsonic speeds (references1 and 2).

The pressure recovery of open nose inlets throughout the subsanic,
transonic, and supersm,ic Mach nuniberranges is generally known (refer–
ences 9 to 16). Drag information on open nose inlets at subsonic speeds
are given in references 10, 11, and 12. Some drag data at supersonic
speeds are given in references 13 and 14, and the only available data at
transonic speeds are presented in references 13 and 16.

The purpose of the present investQation was to obtain comparative
drag and pressure-recovery data for a submerged-inletmodel and a nose-
inlet model in the transonic speed range. The investigationwas con-
ducted with mss-flow ratios ranging from about 0.4 to 0.8 over a Mach
nuniberrange of about 0.8 to 1.10. Preliminary results of this investi-
gation, based on limited “tests,were reported in reference 16, and are
also included herein.

The inmstigaticm was cmducted with large+cale, free-fall recove~
able mo!lelsin ths desert regions of Edwards Air Torte Base at Muroc,
California.
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SYMBOIS

total cross-sectionalarea of duct or ducts, square feet

component of area, normal to free stre~ squ~e feet

total drag coefficient
(,>)

%- , dimensionless

internal drag coefficient
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external drag coefficient (q -.~’),
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inlet incremental drag coefficient p

additive drag

duct depth at

coefficient
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duct entrance,
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dimensionlesss

)
, dimensionless

D “
+7)

,dimensirmless
~.

inches

total drag, pounds

internal drag, pounds

additive drag, pounds

inlet incremental drag,

viscous drag, pounds

bery–layer ~rameter
1

j (I&H) dy] , inchss
&o

total pressure, pounds per square foot

~ecomry ratio, dimensionless

Mach

mss

number, dimensionless

flow, slugs per second

mass-flow ratio
(

pl Al VI

PO Al To ,
), dimensionless

static pressure, pounds per square

-c ‘ressme($‘“’)’‘omds

f Oot

per sqwe foot
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P

impact pressure (H - P )s pounds per sq*re foot
.

cross+ecti onal area of model at maximum diameter, square feet

local velocity in lmundary layer, feet per second

local velocity outside of boundary layer, feet per second

velocity, feet per second

distance away from model outer surface, inches

boundary-layer tbichess, inches

mass density of air, slugs per cubic foot

Subscripts

i measured value

o free stream

1 duct entrance
nose inlet)

2 Sktion 86.5

s station 97

4’ station 134

5 Otaticm where t
stream

ajb,c,d se~rate

s surface

d

at airspeed head.

(station 62 for mibdmrged inlet, station 1 for

& discharged from outlet has returned to free-
static pressme

measurements at a

TECHNIQUE

given station

AND MOUEIS

The present investigation was conducted employing the recoverable
free-fall+mxlel technique described in reference ,16. In this technique
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the model is released from a carrier airplane
sure altitude and accelerates in free fall to

5 .’

at about 40,000-feet pres-
a Mach nunber of about 1-10

to 1.15. The speed of the model is then reducedby the extension of an
umbrella-type dive brake (shown ona mdelwithout inlets in fig. ,1).
When the speed of the model has been sufficiently reduced, a parachute is
ejected from a container aft of the dive brake and the model is lowered
to the ground at a speed of less than ~ feet per second.

The models employed in the present tests were a model without inlets
(figs. 1 and 2, hereinafter referred to as the basic model), a twin
submerged-inletmodel (figs. 3 and k), and a nose-inlet model (figs. 5
and 6). The modefi were all 211 inches in length (exclusive of nose-
boom l&@h) with a fineness ratio of K?*4, and weighed about 1.100pounds.
The model fins were oriented for 0° incidence. The screws used to attach
the external skin were inserted flush to the skin, but were not filled
with 811ySmoothing C~OUIld. The hangers used to attach the model to
the carrier airplane were retracted into the model, flush with the skin
when the model was released. The airspeed head employed on all mcdels
is shown in figure,’7.

The inlet of the submerged-inletmodel (figs. 3 and 4) had a 7° ramp
. with curved divergent walls (reference 1). Each entry had a cross-

sectional area of 13.62 s

r

e inches and an aspect ratio of 4. The
air-outlet design (fig. 4 c)) was based on the necessity of discharging

m
the air forward of the dive brake.

The inlet of the nose-inlet model (figs. 5 and 6) comprised, in the
nomenclature of reference 9, an NACA series 1-35.8=600 nose inlet with
a 1.5-inch-diameter airspeed boron(fig. 6) pro~ecting from the center.
The area of the annulus was equivalent to the sum of the two inlet areas
of the submerged-tiletmodel. The model aft of station 102 was identical
to the submerged-inletmodel.

It was considered that the size of the inls$ models would be most
suitable for a drag comparison if the same emount of usable volume were
provided in both models. The nose-inlet model, being the same length as
the submerged-inlet mdel, had a greater surface area and volume than
the submerged-inletmcdel. The additional volume, however, was almost
entirely consumed by the additional.ducting required for the nose inlet.

INSI’RUMENTATIONAND TESTS

~. The instruments employed in the models and the carrier airplane,
theti purpose, ranges, and estimated accuracy are described in ref-
erence 16.

--
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The instruments installed in the models consisted o? an airspeed
.-

and altitude recorder, a sensitive accelerometer for measuring total drag,
and recording mummeters to measure various pressures. All instruments

- --

were compensated for the temperatures experienced within the heated inte-
rior of the model.

The locations of the pressure tubes and orifices in the suWerged-
and nose-inlet models are shown in figures 3 and 5, respectively. The
pressure tube emd orifice instrumentation common to both inlet models
consisted of a total-pressure rake at station 86.5 (fig. 3(c)) for deter-

.—

mining the pressure recovery and a total and static pressure rake at
statim 134 (fig. 3(c)) for pressure measurements required to evaluate
the internal drag. Various scmic nozzles were installed in the ducting
with sonic threats at station 97 to control and measure the flow through
the ducting, Pressure orifices were installed in the threat at station
97 (ffg. 3(a)) to check the presence of sonic fluw at this station. The
duct instrumentationwas installed In both ducts for symmetry; however,
only tht in one duct was used for measurements in the present tests.
Orifices were installed along the center line of the ramp ad lip sur-
faces of the submerged inlet to obtain ths pressure distribution on
these surfaces. A rake was installed at the entrance to the nose inlet”

.-

(fig. !3(b))to measure the influence of the nose boom on the pressure
recovery at the inlet. On one drop a boundary-layer rake was installed

.

at station 60 of the basic mcdel to measure the characteristics of the
boundary layer for correlation with the pressure recovery of the sti-
merged inlet model. (Stition 60 is the location of the leading edge of

A

the lip of the stibmerfpdinli3tmodel.)

The pressure measuring system was designed to render emy effects of
lagnegli ible.

7
For longer lines, suchas airspeed-head lines, the tub-

—

ing was 3 16-inch inside diameter. Shorter t~es were l/8-inch inside
diameter.

Imtruments were installed in a temperatur~ontrolled conprtment
of the carrier airplane to record atmospheric dak during the ascent of
the airplane and to record the model release conditions. These instru-
ments consisted of airspeed and altitude recorders, a galvanometersand
resistance bulb thermometer for uasuring atmospheric temperature, and
an instrument timer to actuate a common timing circuit.

During the ascent of the carrier airplane atmospheric data were
recorded at about 1,000-feet intervals. The airplane was oriented in
level fllght at about @,000-feet ~essure altitude for the drop run.
The airplane and muiel instruments were placed in operation 10 seconds
prior to release to record the release conditions and to assure that tbe
mcxielinstrument motors were up to speed at the time of release. After
release, ths model accelerated,to a Mach nuniberof about 1.1. Typical

.
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Reynolds nuuiber
given in figure

and Mach number variations during the free fall are
8.

7

The tests @&zded two drops of the basic model, one to evaluate
the drag of the model and the other to measure boundary-layer character-
istics at statim 6Q. Both inlet models were tested with sonic-throat
to inlet-area ratios of 0.477, 0.683, 0.777, and 0.889 to determine the
drag and pressure recovery of the models over a mass-flow-ratio range of
about 0.4 to 0.8. In addition, the submerged-inlet
with a sonic-throat to inlet-area ratio of 0.579.

REDUCTION OF DATA

model was tested

The static-pressure-errorcoefficients of the airspeed head (fig. 9)
were employed in evaluating free-stresm Mach nuniber. Figure 9 was
derived from a correlation of data obtained during the model drop with
airplane atmospheric-survey data as described in the appendix of refer-
ence 16. The internal drag and mass-flow ratio were also evaluated as
described h reference 16. The inlet incremental &ag for both modek
and the additive drag for the nose-idet model were evaluated as des-
cribed in the appe-.

% The total pressures in the ducts, particularly in the case of the
nose inlet, fluctuated with the. These fluctuations sme believed to be
traceable to slight model oscillations during the free fall and the
attendant effects on the boundary kyer ahead of the inlets. In the case
of the boundary layer flowing along the nose boom of the nbse inlet,
these fluctuations are illustrated by the pressure-recovery measurements
at station 1, as shown in figure 10. During the tests of the nose-inlet
model at a mass-flow ratio of about 0.4 (&/Al= 0.4.77),the flow along
the nose boom apparently separated at a Mach number of 1.07 and caused
fluctuations in the acceleraneter reading (drag) emd large fluctuations
in the duct pressures. Data for this test were reduced up to a I&ch
number of 1.07 only.

For the data presented, the total-pressure fluctuations were insuf-
ficient to affect the drag or mass-flow ratios. Although the total
pressure distribution and fluctuations at station 86.5 of both models
were small compared to those at the entrance of the nose-inlet model, a
faired curve through average values plotted as a function of time was
mployed to evaluate pressure recovery.
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the external drag coefficient of the basic model
Inmiberis shown in figure 11. The characteristics
at staticm 60 of the basic tiodelare given in fig-

—

the drag coefficients, the pressure recovery. and
the mass-flow ratio with fre&tream hch n&ber ~or each test of-&e
submerged- and nose-inlet models is presented in flgures 13 and 14, res-
pectively. Drag data for the test of the submerged-inletmodel with a
sonic-throat to inlet-area ratio of 0.47’7were known to be erroneous and
are not included in fi,gure13(9). Local Mch nuniberdistributions on the
ramp of the submerged inlet at mass-flow ratios about 0.4, 0.6, and 0.8 ●

are shown in figure 17 and the pressure distributions along the lip of
.

the submerged inlet at mass+t?lawratios of abcnrt0.5 and 0.7 are given
in figure 16. — -..- ..-.

Ths variation of the external drag coefficients of the submerged-
and nose-inlet mcdels with mass-flow ratio for various Mach nunibersis
presented in figure 17. Figure 18 shows the external drag coefficients
less the inlet incremental drag coefficients at Mach numbers of 0.9 and

.

1.10 for both models, and the external drag coefficients less the addi-
-.

tive drag coefficients for the nose-inlet mcdel.
—

#

The variation of the pressure recovery of the submerged- and nose-
inlet mcdels with mass-flow ratio at various Mach nunibersis shown in
figures 19 and&O, respectively. The pressure recovery at tbs duct
entrance shown in these figures was evaluated fiam the pressure recov-
ery at station 86.5 wing duct efficiency factors established by &und ‘ =
tests which are assured to be valld for the I&ch ntmiberrange of the
present tests. Figure 21 shows the variation of the entrance pressure
recovery of the submerged inlet with Mach nmdber for various mss-flow
ratios. ..-

The maximum pressure recovery of the submerged inlet is compared
with results of other investigations in figure 22, and the variation of
pressure recovery of the submerged inlet with mass-flow ratio at Mach
numbers of 0.8 and 1.10 is compared with previous results in figure 23.

ACCURACY OF RESUZTS
. .

.

Based on the scatter of the experinmntal
Involved in the emluatim of free+ tream Mach

—

data, the mxcimum errors
.—

nun&er, mass-flow ratio, .
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end external drag are tabulated below:

Qs2wx Estimated maximum error

w) *O@2 at a Mach nuniberof 0.75
k.01 at Mach nuuibersabove 0.85

%
i.01 below a Mach nuniberof 1
A.005 abave a Mach IIUI&erof 1

DISCUSSION OF RESULTS

A comparison of figure 11
Mach number of drag divergence
as that of the basic model.

Drag

with fi@res 13 and 14 shows that the
for the inlet models was about the same

The external drag of the nose-inlet model was less than that of the
submerged-inletmodel throughout the test Mach nuuiberrange as sham inL
figure 17. The difference in drag coefficient based on the model msxi-
mum cross-sectional area was about 0.02 at supersonic speeds and about
0.015 at subsonic speeds. For a hypothetical airplane, with a ratio of
fuselage maximum cross-sectional area to wing area of 0.06, the differ-
ence in airplane drag coefficient based on wing area would be relatively
small, about 0.0012 at supersonic speeds and abuut O.00@ at subsonic
speeds. If the drag comparison is made after subtracting the inlet
incremental drag (discussed iq the appenti ) as shown 5n figure 18, the
drag &Lfference would remain about the same as that described above.

The above &?ag comparison is for the submerged-inlet model and the
nose-inlet model with the nose bom projecting fran the center of the
models. The external drag of the nose-inlet model without a nose bean
would be essentially the,same as that of the model tested. This is
based on the fact that changes in mass-flow ratio (which is a factor
causing large changes in the entering stream tube) did not have much
influence on the external drag in the present tests and also in those
reference 13; consequently} the small changes to the entering stream
tube resulting frcunthe presence of the nose bocm would have a negli-
@ble effeet on the exbernd drag. After the inlet incremental drags
are subtracted from the external drags (~ - CDs) in figure 1.82the
resulting drag for the nose-inlet model is higher than the drag that

. would prevail for a model without a boom because it includes the drag

of

of
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the nose bocm. The drag of the boom is relatively large because of the
adverse pressure gradient on the boom. The drag resulting from pres-
sure and viscous forces on the-external surface of this model without
the nose boom is also evident from figure 18 where the additive drag is
subtracted from the external drag (~ - CDA). A comparison of the
(~ - CDs) curve for the eubmerged-inletmodelwith the (Cm - CDA)

curve for the nose-inlet model shows that the external surface drag
would be about 0.03 to 0.04 less for a nose-inlet model without a boom
than the corresponding drag of the submerged-inletmodel.

The exbernal drag of both inlet mdels (fig. 17) increased slightly
with increasing mass-flaw ratio. This result is in reasonable agreement
with that of reference 13 which shows the external drag of a series I
nose-inlet mcdel to be practically constant throughout the mass-fluw-
ratio range of 0.4 to 0.8 at k!achnumbers less than 1.2. For an open
nose-inlet mdel, the external drag at subsmic speeds is stated to be
constant in reference 17, with the increase in additive drag (inlet
incremental drag in the case of an,open nose inlet) associated with a
decrease in mass-flow ratio being compensated by a corresponding increase
in Mp leading-edge suction. Since the external drag (fig. 17) decreased
slightly as the mass-flow ratio was decreased, it is evident that the
pressure drag af the inlet models changed in such a manner as to more
than oftiet the increase in inlet incremental drag. Lip.pressure dis-
tributions were not obtained for the nose-inlet model. LhrLted lip
pressure distributions were obtained for the submerged-inletmodel as
shown in figure 16. The suction on the outer surface of the lip
(fig. 16) increased with decreasing mass-flow ratip from O.7 to 0.5.
This suction, however, was to a large extent offset by the increase of
pressure on the inner surface of the lip which is not included as part
of the inlet incremental drag (see appendix). The net effect is small
in comparison with the change in inlkt incranental drag coefficient over
the mass-flow-ratio range from 0.7 to 0.5 (fig. 18).

A comparison of the drag of the baeic model with that of the nose____
inlet model (fig. 17) shows that the external drag of the basic model was
about the seineas that of the nose-inlet model at the lower mass-flow
ratios. Previous results (reference 10) have shown the drag of a
series I nose-inlet model to be less then that of.a basic model in the
transonic flight range. The present results, however, are reasonable
because the’air-outlet design employed probably provides higher hag
than the outlet at the extreme aft end of the model employed in refer-
reference 10.

.
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Ram-Recovery Ratios

The ram-recovery ratio of the submerged-inletmodel (fig. 21) was
almost constant throughout the Mach number range at a mass-flaw ratio of
0.8. At lower mass-flaw ratios, the pressure recovery in all cases
decreased above a Mach number of about 0.90, the amount of decrease
increasing with decreasing mass-flow ratio. The decrease at Mach nunibers
above 0.90 is probably dependent on the buundary-layer shock-wave intera-
ction on the inlet ramp. The effects of the boundsry-layer shock-wave
interaction on pressure recovery apparently increase as the pressure gra-
dient ahead of the inlet becomes more adverse with decreasing mass-flow
ratio.

!T!hemaximumentrance pressure recovery of the mibmerged inlet
(fig. 19) recurred at a mass-flow ratio of about 0.6 for the free-stream
wch nmiber range of 0.8 to I.m. Abdve a Mach number of 1.05, the pres-
sure recwery was almost constant for mass-flow ratios above 0.6. The
maximum pressure recovery is compared with previous results in figure 22
wherein the boundary-hyer parameter h/d has been plotted with respect
to the msximum pressure recovery for previous results as well as the
present results. It is noted that the curve based on the equaticm

—

provides reasonable ~eement with previous results. The msximum pres-
sure recovery predicted by the curve of figure 22 agrees well with the
present results when supersonic speeds did not prevail along the inlet
_ (i.e., at free-stresmlkch nuuibersof 0.9 and below as shown in
fig. 15). The decrease in the maximum pressure recovery of the present
results is shown in fi@re 22 to be about 0.035 between a Mach nuuiberof
0.90 and 1.10, which is the order of decrease +cted on the basis of
the total-pressure loss through a normal shock at the maximum local ramp
~ch numbers of figure 15.

The variation of the pressure recovery with mass-flow ratio of the
mdxnerged-inlet model is compared with previous results b figure 23 at
free-stresm Mach n~ of 0.80 and 1.10. At a Mach nuniberof O.~, the
boundary-layer parsmeter h/d of the present tests is nearly eqyal to
those of the previous data and the agreement of the previous pressure-
recovery results with the present flight data is considered gmd. At a
Kch nuniberof 1.10, the variation of pressure recovery with mass-flow
ratio of the previous data, obtained on a transonic bump, is about the
ssme as that of the present results. The difference in pessure recov-
ery is about 0.075, which can be primarily accounted for by the differ-
ence of 0.055 in the boundary-layer parameter h/d between the two sets

. of data.
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The pressure reccrveryof the nose-inlet mtiel at the duct entrance
(fig. 20) increased with i.ncreasingmass-flow ratio. This is a result
of decreasing losses in the boundary-layer air flowing along the nose
boom into the inlet as is indicatedby a comparison of figure 10(a) with
figure 10(b). These low pressure
not prevail in the case of a nose
ing ahead of it.

* .,

rec&eries-for the nose-inlet wo&i
inlet without sn airspeed boom project-

-.

CONCLUSIONS

The following conclusions are based upon the results of an investi-
gation of the drag and pressure recovery ofa submerged-and a nose-inlet
mcdel in the transcmic range. The investigationwas conducted for a mas+
flow-ratiorange of about”O.4 to 0.8 over a Wch nudier range of abuut
0.8 to 1.10.

1. The Machnumher of drag divergence of the inlet models was about
the same as that of a basic model without inlets.

2. For a given mass-flow ratio, the external drag of the nose-inlet
model was less than that of the submerged-inletmodel; about 0.02 (hsed
on nmximm mdel cross+ectional area) less at s~personic speeds and about
0.015 less at subsonic speeds.

3. The =imum pressure recowry of the submerged inlet model, at
subsonic speeds, agreed well with the value predicted from previous sub-
Sonlc data. When supersonic speeds prevailed on the inlet romp, ths
maximum pressure recovary decreased approxinmtely the amount anticipated
for the tots&pressure loss througha norml shock at the ?mxinnm local
Mach number on the ramp.

4. The variatim df pressure recovery of the submerged inlet with
mass-flow zatio at subscmic spee@ and supersonic speeds is in reason-
able agreement with previous wind-tunnel results.

Ames Aercmautical Iabomatory,
National Advtsory Committee

Moffett Field, Calif.
for Aeronautics,
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INT5REAL, INIXT IN~ , AND KUDIT!IVERRAG

bternal drag IE3s been defined in various mmners based on momentum
considerations of the internal flow. The various internal dzag conceyts
and their applications in the present report are discussed below.

Chsider the tw~mensiunal model illustrated in figure 2h(a).
The model is assumed to be at 0° angle of attack, the inlet and outlet
areas are considered normal to the free stream, and the velocities of
the flow at stations 1 and 4 are assumsd uniform and ~rallel to the
free stream. The following considerations differentiate between the
actual pressure plus viscous drag forces occurring within a duct interior
(stations 1 to 4 of fig. 24(a)) and the quantity nornally called intil
drag which caasiders the viscous losses and pressure forces in the hg
direction associated with tb internal flow from free+ tream conditions
(station O) to the exit (stiticm 4) or to a station aft of the exit
where free-streem static pressure ~evails (station 5). The difference
between the pressure plus tiscous force within the duct interior ~ the
inte~l drag (as just defined) givss rise to such concepts as SCOOP
incremental drag (reference 18), and additiva drag in the case of =
open nose inlet (reference 19).

Friction and Pressure Drag Within a Duct

The actual fiction plus pressure drag experienced witbfn the duct
may be expressed by mamentum considerations of the flow between the
inlet and the exit. The momentum equaticm may be written

plAl+m V1

where (Df)~-~ is tbs
to refer the pressures

(1)

mmaentum loss resulting fkom friction. In order
to free-stream static pressure, the equation

f

4

P. Al - P. ax = P. A4 (2)
1

is subtracted frm equation (1) to provide the follawing relationship:

-—
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v

n’
J( P-PO)% + (Df) = IE(vl - VA) + (pl-po)Al – (p4-po)A4 (3)
1. I.-4

which ~ovldes the pressure

.—
—

plus friction drag within the duct interior.

Internal Drag

The q~tity no~ly called internal tig is the pressure forces
in the drag directicm and the viscous losses associated with the inter-
nal fluw from free+ tream conditions ahead of the model to a region aft

—

of the model where free-stream static pressure prevails. Because of
the general acceptance of this definition of internal drag, this desig-

—

nation is employed in the present report. Applying the momentum equa-
tions between stations O and 7, in a manner similar to that employed
to obtain equation (3), results in the mrpression

f

5

DI = (P - PO) ~X + (Df)o., = m (VO- VS)
o

(4) -.—-,- L
.

where dAx is the incremental surface c~onent normal to the free
stream of the model surfhces and the stream tube bounding the internal
fluw. The quantity (Df)0-4 is normally evloyed instead of (Df)0.5

a“

because V5 is evaluated from conditions at the exit assuming no losses
in total pressure between stations 4 and 5.

.

Another expressicm for internal drag that has been used”is ~sed
on momentum considerationsbetween free stream and the exit or

(D1)l=~ 4 (p-po)dAx + (Df)o-4= m (V.- V4 ) - (P4 - Po) A4 b) “ ““ “- “-
0

Equations (4) and (5) are not equivalent, althuugh they generally
yield equivalent results because the static pressure at the exit is
near free4tream static pressure. In the case of the present investi-
gation, these eq-tions yfelded practically identical results.

Inlet Incremental Drag .-

The difference between the pressure plus viscous &ag within the
ducting and the internal drag (equation (4) or (5)) is large at reduced
mass-flow ratios, particularly at supersonic speeds. This difference .

I
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(strict&, the difference between eqmti~ (3) ~ (5)) iS defi~d as
klet in&&mental drag herein and &

The

1

Da=-
f

(P- Po)~=- (Df)@l=
o

quantity % is identical to the

be expre;sed as

m(Vl - To) + (P1 -Po) Al (6)

scoop incremental drag of ref-
erence 18, whic~ is defined as the sum of tbs pressure forces (in the
drag directim) on the entering stream ttibeincluding the pressure
forces on the stream tube adJacent to the body and the friction losses
of the stream prior to entry into the duct. Thus, when the drag of all
components extermal to the duct is desired (equation (3)), or the sum
of the inlet incremental drag (equation (6)) and the internal drag
(equaticm (4) or (5)), must be subtracted from the total drag. The
inlet increnmtal drag coefficient, based on equation (6), may be
e~ressed as a function of pressure recommy smd mas~flow ratio at a
given Mach nuiiber(reference 18).

Additive Drag

~ tb case of m open nose itiet, equation (6) is also equivalent
. to the quantilq called additive drag in reference 19, which miy be

defined aH the sum of the pressure fcmces (in the drag direction) on
the stream tube prior to entry into the duct not including the pressure
forces on the pmt of the stream ttibeadjacent to the bdy surface.
Additive drag my in the general case (with reference to fig. 24(a)) be
e~ressed mathematically as

.

(7)

where (dAx)s●T. iS the ficr~tal COMpO.UIlt Of area n~ tO the free

stream of the stream tube not including the forces m the stream tube
adjacent to the body surface. Additive drag, instead of inlet incre-
mental drag, is stitracted from the external drag when the resulting
external pressure plus viscous drag is not to tilude the drag of the
surfaces of the body @scent to the internal flow.

A~licaticm of Equation (6) to Rounded Lip

The applicatiau of equaticm (6) requires that the.
defined. In the case of a sharp lip (fig. 2h(b)), the

e- -
“IAL>~b —-=-.-

area Al be
Stagnatlculpoint
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.

is generaH.y at the lip leading edge @ tti area Al iS ~~. ~ t~.
case of a raunded lip (fig. 24(b)), howe=r, the location of the s&g-
nation point is not generally lmuwn and the area Al

.
is generally

unknown. —

In the case of a rounded.lip, it is convenient to employ the duct
area aft of the rounded portion of the lip (station 1 of fig. 24(b)) as
the area Al. This, of course, means tkt the pressure and f!rictia
forces on the duct and lip ahead of station 1 are considered part of the
external surface drag (~ - ~). By doing this, howewr, the computa-
tions are simplified because the inlet area employed is that upon which
the mass-flow ratio is conventionallybased and the inlet incremental
drag beccmms ‘independentof lip shape at a given mass-flow ratio and
pressure

The
ence 16,
internal

recovmy for a @ ven free+ tream lhch number.

Ihaluatian of Drags for Inlets of This Report

external drag coefficient was evaluated, as described In refer-
by subtracting the internal drag coefficient (based on the
drag evaluated from eqwtion (k)) from the total drag coeffi- .

cient. The &rag of all components of the model external to the duct
(~ - C%) was evaluated by stitracting the inlet ticremental drag .,

coefficient (based on the inlet incremental drag computed ficm eqya-
--

tion (6)) frm the external drag. me wtity (c% - CIIa) includes the
drag of the nose boom of the nose-inlet model. In order to evaluate the
drag of the &ernal surfaces, not inclut&ng the nose boom, the additive
drag was also evaluated for this model and subtracted, in coefficient
form, from the model external drag coefficient. The additive drag Was
evaluated by assuming that the pressure forces on the external boundaries
of the entering stream tube were not affected by the presence of the nose
boom. Thus, by assu@ng a total- ressure recovery of unity at the
entrance, and employing eqyation 1)6 , the additive drag was shply

.-

evaluated for various mass-flow ratios. The exea employed in equa-
tion (6) in this case included the’cross-sectional erea of the nose
boom.

,-

.

.
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Figure l.- ~as~c model with recoverybrake extended..
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Note
1 H- Totol pressure probes
2 P- Stoffc pressure probes

3. All o’imenshms ore In Inches

[c)Ltxatkn of pressure probes omd or~kes of stations 86.5 end /34.
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Figure 4.- Concluded.
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Figure 6.- Nose idet and airspeed boom installation.
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